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Abstract
The American University in Cairo
MicroRNAs as noninvasive biomarkers for the diagnosis and prognosis of liver fibrosis in
HCV genotype 4 patients
By: Amanda Abdel-Al
Under the supervision of: Dr. Suher Zada and Dr. Eman El-Ahwany

Hepatitis C virus (HCV) is a major world health problem affecting millions of people
worldwide. HCV causes fibrosis of the liver; untreated, it leads to complications such as hepatic
cirrhosis, decompensation, and hepatocellular carcinoma (HCC). Current methodologies used to
determine the progression of hepatic fibrosis rely heavily on liver biopsy, a dangerous and
invasive procedure, with subjective analysis of the results of the biopsy. Liver biopsies are also
difficult to perform in the developing world, where the strain of HCV infection is great. A new
methodology, that is both convenient and inexpensive, is needed for monitoring the progression
of liver fibrosis in HCV patients. Small noncoding RNAs known as microRNAs are up-regulated
or down-regulated when damage occurs in the liver. miRNAs are stable and present in almost all
body fluids, therefore the measurement of circulating miRNAs in serum of liver fibrosis as a
noninvasive method to evaluate disease severity and progression is promising. Currently,
miRNAs have been found to play essential roles in hepatic stellate cell (HSC) differentiation,
proliferation, apoptosis and migration linking them to aberrant expression variations in the
development of liver fibrosis. Several microRNAs have shown promise as noninvasive
biomarkers of hepatic fibrosis, and some even in the treatment of HCV. To study regulation of
genes at the miRNA level is a huge advantage as gene expression is regulated at an epigenetic
level before even the formation of proteins.
Hepatitis C-genotype 4 infected patients were selected to detect and study the progression of
liver fibrosis. The study consisted of three patient groups: 42 cases of chronic hepatitis C (CHC)
with early stage fibrosis, 45 cases of CHC with late stage fibrosis, and 40 healthy patients with
no CHC or fibrosis as controls. Blood samples were taken from each patient and RNA was
extracted using the miRNeasy extraction kit. Expression patterns of 5 miRNAs (miR-16, miR146a, miR-214-5p, miR-221, miR-222) were measured in each group using TaqMan real-time
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reverse transcription-polymerase chain reaction. MiRNA analysis was performed to determine
the most specific and sensitive miRNA to be used as a diagnostic biomarker.
Serum levels of miRNA-16, miRNA-146a, miRNA-221, and miRNA-222 were all
significantly upregulated in early and late stage fibrosis compared to the control (p<0.001).
MiRNA-222 had the highest sensitivity and specificity values in both early and late stage fibrosis
with values of (69.23 %, 83.83%) and (100%, 96.77%) respectively. MiRNA-221 had the second
highest sensitivity and specificity values with the late stage fibrosis group having values of 100%
and 88.24% respectively. MiRNA-222 and miRNA-221 suggest promising potential as
biomarkers for HCV-induced liver fibrosis as they had the highest sensitivity and specificity
values. MiRNA-221 showed significant positive correlations with both miRNA-16 and miRNA146a in the early and late stage fibrosis groups, with the early stage having a stronger correlation
(at the 0.01 level). These correlations have great substantial values for future uses in formulating
liver fibrosis diagnostic assays.
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1 Introduction
Infection by the Hepatitis C virus (HCV) has reached global epidemic proportions, with
2016 research estimating 180 million chronically infected individuals, a global prevalence of
2.35%, and three to four million new infections every year (Lavanchy, 2011; Mohd-Hanafiah
et al., 2013; Sheiko & Rosen, 2016). Liver fibrosis is the inevitable pathophysiological
conclusion of chronic liver injury, such as is the case in chronic HCV infections (Moreira,
2007). Although initially reversible, if left untreated, liver fibrosis will progress to liver
cirrhosis, which often presents with the associated complications of hepatocellular carcinoma
(HCC), end-stage liver disease, and death, however, this process typically takes many years
(Sheiko & Rosen, 2016). HCC’s high mortality rates mean a poor prognosis for patients
diagnosed with HCC, however, diagnoses are typically only made after hepatic fibrosis has
progressed an alarming amount, due to limitations in current diagnostic methods and the
delayed onset of fibrotic symptoms (Ahmad et al., 2011). HCV infection is notable for the
way in which it presents by being asymptomatic at first, followed by a significantly delayed
onset of acute symptoms, and for this reason is rarely detected at the time of infection (Taneja
et al., 2016).
Identifying infected patients, and monitoring and managing the progression of their liver
fibrosis in a standardized and measurable way is therefore a chief concern in the treatment of
patients with chronic HCV infections. The development and progression of hepatic fibrosis,
necro-inflammation, and histological staging is typically assessed by liver biopsy, which is
currently the most commonly employed protocol for fibrosis assessment. The results of these
liver biopsies are then evaluated using semi-qualitative scoring systems such as Ishak or
METAVIR scores (Shiha & Khaled, 2011). Unfortunately, liver biopsies have many potential
drawbacks, not the least of which is their invasiveness and the subjective nature of their
interpretation. Liver biopsies also require full hospital amenities, and highly trained
specialists to perform them, limiting their feasibility in the developing world, where high
HCV infection rates are prevalent (Sheiko & Rosen, 2016).
Other methods of classifying liver fibrosis fall under the umbrella of non-invasive
protocols, which include serum, genetic, and imaging techniques. Serological (serum) marker
and genetic techniques involve measuring one or more molecules in the patients’ blood or
serum correlating to hepatic fibrosis. Scanning or imaging techniques, on the other hand,
detect changes in hepatic parenchyma and ideally differentiate between moderate and severe
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fibrosis. However, this methodology is often nearly as expensive as liver biopsies, and few
have been thoroughly validated (Ahmad et al., 2011). There exists a clear need to identify
specific biomarkers of liver fibrosis and develop non-invasive methodologies for interpreting
them (Nallagangula et al., 2017).
MicroRNAs (miRNAs) have shown great potential as novel biomarkers for the detection
and assessment of hepatic fibrosis progression. Additionally, miRNAs can be analyzed via
noninvasive blood tests, and these tests can be performed repeatedly on patients to gain
sequential data as the disease progresses unlike (Khattab et al., 2016). Furthermore, because
miRNAs have been suggested to be involved in the multi-step process of chronic HCV
infection they are proving to be great diagnostic markers for progression of liver fibrosis
(Nallagangula et al., 2017). Some miRNAs have even shown promise in the treatment of
HCV in conjunction with other treatment methods such as Interferon (IFN). With a proper
and efficient prevention, screening and treatment method, total viremic infections can decline
rapidly. Therefore, it is of upmost importance to diagnose liver fibrosis as early as possible
while making such diagnostic assays accessible to the majority of infected individuals. This
includes being cost effective for the infected individuals of low-income countries.

2

2 Literature Review
2.1 Liver Fibrosis
2.1.1

Background

Liver (or hepatic) fibrosis is defined as the accumulation of excessive extracellular
matrix proteins that occurs as a result of chronic liver injury (Bataller & Brenner, 2005). If
not treated, hepatic fibrosis will progress to hepatic cirrhosis, which is associated with serious
complications such as hepatocellular carcinoma (HCC), end-stage liver disease, imperative
liver transplant, or death (Sheiko & Rosen, 2016). Hepatic cirrhosis secondary to chronic
HCV infection is the single most prevalent reason given for liver transplantation in the world
(Wiesner et al., 2003).
In the United States, HCV is the leading cause of liver transplantation, with over 40% of
liver transplants occurring as a result of HCV-associated hepatic deterioration (Organ
Procurement and Transplantation Network (OPTN) and Scientific Registry of Transplant
Recipients (SRTR): OPTN/SRTR, 2010). Liver transplants are dangerous, invasive, advanced
surgical procedures with countless associated risks. Worsening conditions of patient and graft
survival in HCV liver transplant patients are frequently reported (Wiesner et al., 2003).
Furthermore, HCV

infection frequently recurs

after transplantation,

necessitating

retransplantation, and the pathology of the recurrence of HCV after liver transplantation is
not yet fully understood, and cannot be easily predicted (Wiesner et al., 2003).
In the United Kingdom, a typical example of a developed country with a high-quality,
modern healthcare system, hepatic disease is currently identified in the general population
only through the use of liver enzyme blood tests, which are non-specific markers of hepatic
injury (Harman et al., 2015). The degree of fibrosis influences both patient prognosis and
remediation strategies, therefore the measurement of fibrous progression is critical to proper
treatment of HCV patients (Taneja et al., 2016). If hepatic fibrosis is identified early, it is
potentially reversible (Ahmad et al., 2011). Unfortunately, the liver enzyme blood test
strategy is known to be inadequate because of its tendency to result in late diagnosis. The
absence of symptoms in the early ages of liver disease means that many patients, even with
comprehensive healthcare available to them, do not give reason to their healthcare providers
to perform an analysis or investigation of liver in the early stages of hepatic deterioration.
Furthermore, the liver enzyme blood tests are insufficiently sensitive to detect hepatic fibrosis
in its early stages (Harman et al., 2015). Liver biopsies remain the gold standard for the
evaluation of liver fibrosis (Taneja et al., 2016). However, the associated costs of liver
3

biopsies are significant and pose serious barriers to their application in any country without
universal healthcare (Klevens et al., 2016). Indeed, liver cirrhosis is now the third most
common cause of premature death in the UK and its prevalence has increased even as other
major causes of death decrease (Harman et al., 2015). Liver biopsies are not practical
standard procedures even in modern healthcare systems, as they are invasive and require
highly-trained specialist surgeons to perform them (Harman et al., 2015).
In Egypt, the rate of infection by HCV approaches 15% and treatment methods (such as
those available in more developed countries) are often unfeasible for the general population
(Khattab et al., 2016).
2.1.2

The liver and fibrosis

The liver is one of the largest organs in the body, second only to the skin, and is vital for
metabolic function, playing a critical role in the metabolization of both fats and proteins. The
liver processes, stores, alters, detoxes and returns to the bloodstream, or eliminates, nutrients,
medication, or toxic substances introduced to the system. It also creates proteins important in
blood clotting, breaks down injured, old, or apoptotic blood cells, and maintains blood sugar
levels (Insititute for Quality and Efficiency in Health Care, 2016).
Fibrosis is a medical term used to refer to scarring, or the formation of fibrous
extracellular matrix (ECM) on an organ (Schiffman & Cunha, 2016). An extracellular matrix
(ECM) is also known as “nonfunctional connective tissue” (Highleyman, 2014). When cells
and tissues are injured, fibrosis is the natural response of the body’s immune system as it
attempts to repair the damage; in other words, it is the body’s wound-healing or protective
response. Pro-fibrogenic pathways are observed across a variety of tissues in the body,
including the liver, lungs, and heart (Sheiko & Rosen, 2016). The liver’s functional cells are
known as hepatocytes. Injury or necrosis of hepatocytes stimulates the release of cytokines,
growth factors, and other chemical markers that command the liver’s support cells, hepatic
stellate cells (HSCs), to activate their fibrogenic properties and produce collagen, fibronectin,
undulin, elastin, laminin, hyaluronan, and proteoglycans (Figure 1) (Bataller & Brenner,
2005; Tsuchida & Friedman, 2017). These substances are deposited in the liver as
extracellular matrix. At the same time, the breakdown of collagens by normal processes is
impaired. Fibrosis is the consequence of an imbalance between the rates of fibrogenesis and
fibrous degeneration (Highleyman, 2014). Thusly, hepatic fibrosis is the inevitable
consequence of the liver’s persistent wound-healing response to repeated injury (Bataller &
Brenner, 2005).
4

Figure 1: Functions of HSCs.
Liver injury initiates the activation of quiescent HSCs to activated HSCs. Activated HSCs are
responsible for proliferation, contractility, fibrogenesis, altered matrix degradation,
chemotaxis and inflammatory signaling. HSCs can be resolved by apoptosis or by going back
to the inactivated, quiescent state. Adapted with permission from Tsuchida & Friedman,
2017.
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2.1.3

Pathogenetic roadmap of liver fibrosis.

Following acute liver injury, liver parenchymal cells first regenerate, and then replace,
the apoptotic or necrotic cells. This process is accompanied by an inflammatory biological
response and results in the limited deposition of ECM proteins, and is initially reversible
(Bataller & Brenner, 2005; Sheiko & Rosen, 2016). If, however, the hepatic injury persists,
such as in the case of viral hepatitis, then liver regeneration will fail, and hepatocytes are
replaced with copious amounts of ECM, including fibrous collagen, deposited into the space
of Disse (Sheiko & Rosen, 2016).
HSCs are the primary producers of ECM in the injured liver, and are critical to
understanding hepatic fibrosis (Figure 2A & 2B). In a healthy liver, HSCs are the primary
storage sites of Vitamin A and are located in the space of Disse (Bataller & Brenner, 2005).
In cases of chronic liver injury, HSCs transdifferentiate or activate into myofibroblast-like
cells, gaining their associated pro-inflammatory, fibrogenic, and contractile properties
(Bataller & Brenner, 2005). Through this transdifferentiation, HSCs gain the ability to
develop ECM. This transdifferentiation is incited by the presence of mediators created by
cellular damage and recruited immune cells, such as platelet-derived growth factor (PDGF),
transforming growth factor-β (TGF-β), and interleukin-13, which activate mesenchymal
precursors (Sheiko & Rosen, 2016). The majority mitogen for activate HSCs is PDGF, and is
primarily produced by Kupffer cells (Bataller & Brenner, 2005).
Chronic HCV infections prompt the release of TGF-β-1, which is critical in the release
of the primary markers for HSC activation and proliferation: type-1 collagen and α-smooth
muscle actin (Presser et al., 2013). Phagocytosis of apoptotic bodies from hepatocytes
infected by HCV can also trigger the activation of HSCs (Figure 3) (Jiang et al., 2008;
Tsuchida & Friedman, 2017). Activated HSCs expressing the myogenic markers c-myb, αsmooth muscle actin, and myocyte enhancer factor–2 migrate to and accumulate at the sites
of tissue injury and repair, secreting abundant ECM and inhibiting ECM degradation
(Bataller & Brenner, 2005).
In a healthy liver, the hepatic sinusoids typically contain collagen IV and VI, in contrast,
hepatic fibrosis is marked by the dominant presence of collagens I and III and elastin (Figures
4 & 5) (Karsdal et al., 2015; Baiocchini et al., 2016). The altered ECM can also act as a
reservoir for growth factors and MMPs (Olaso et al., 2001). The diseased liver becomes
trapped in a vicious cycle, as inflammatory and fibrogenic cells continuously stimulate each
other (Maher, 2011). As the deposition of scar tissue continues, normal hepatic parenchyma
6

are replaced by ECM, and the hepatic fibrosis will progress to cirrhosis of the liver, which is
characterized by nodules of regenerative parenchyma surrounded by extracellular matrix
(Sheiko & Rosen, 2016).

Figure 2: Changes in the hepatic architecture (A) associated with advanced hepatic
fibrosis (B).
Inflammatory lymphocytes invade the hepatic parenchyma, causing activation of Kupffer
cells. Some hepatocytes undergo apoptosis. HSCs multiply aggressively and secrete ECM
proteins (including fibrous collagen) and are deposited into the space of Disse. Sinusoidal
endothelial cells lose their fenestrations, and vigorously contracting HSCs obstruct blood
flow in the hepatic sinusoid. Adapted from Bataller & Brenner, 2005, open access article, no
permission.
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Figure 3: Activated HSCs via extracellular stimuli.
Hepatic cells including hepatocytes, macrophages, biliary epithelial cells, liver progenitor
cells, liver sinusoidal endothelial cells, natural killer cells, natural killer T cells, platelets and
B cells promote or inhibit the activation of HSCs through the production of hormones,
cytokines and other signaling molecules. Adapted with permission from Tsuchida &
Friedman, 2017.
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Figure 4: Changes in the extracellular matrix (ECM) during development of fibrosis.
The basement membrane mainly consists of type IV collagen, proteoglycans, laminins and
entactin. Interstitial matric mainly consists of fibrillary collagen, glycoproteins, proteoglycans
and elastin. Chronic wound healing instigates a profibrotic response. HSCs differentiate into
myofibroblasts which deposit excess levels of interstitial collagens. Matrix
metalloproteinases (MMPs) are initially enhanced to degrade ECM however as stages
progress most MMPs are downregulated. Adapted from Karsdal et al., 2015, open access
article, no permission.
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Figure 5: ECM structural components in HCV-induced liver fibrosis progression from
blood sample.
Collagens type I and III are the most abundant in hepatic fibrosis followed by elastin. As
fibrosis progresses towards cirrhosis collagen levels drop and elastin levels rise significantly.
It concludes that in progression towards cirrhosis, liver stiffness is composed of collagen
types I and III and elastin fibers. Adapted from Baiocchini et al., 2016, open access article,
no permission.
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2.1.4

Prognosis of liver fibrosis.

HCV is typically not fatal on its own. Similarly, liver fibrosis does not have associated
morbidity and mortality factors until it progresses to cirrhosis. The ultimate, inevitable
conclusion of chronic liver fibrosis, liver cirrhosis often presents with major clinical
complications such as variceal bleeding, ascites, hepatic encephalopathy, renal failure, and
hepatocellular carcinoma (HCC) (Bataller & Brenner, 2005). Some patients with cirrhosis
remain free from major complications for several years, in these cases they are deemed as
having compensated cirrhosis (Bataller & Brenner, 2005). Decompensated cirrhosis, on the
other hand, has high associated morbidity and mortality, and liver transplantation is
frequently the only effective therapy (Davis et al., 2001). Because of a typical lack of
external symptoms, liver fibrosis is insidious, rarely detected at the onset, and typically takes
many years to progress to cirrhosis (Davis et al., 2001).
In one clinical review of over two-thousand patients chronically infected with HCV, the
mean length of time for the development of cirrhosis from fibrosis was 30 years (Poynard et
al., 2000). According to Bataller & Brennan (2005), in the majority of patients, the
progression to hepatic cirrhosis occurs after approximately 15-20 years. Current clinical
procedures frequently fail to note the onset of fibrosis in a timely manner. There are a variety
of external factors, both genetic and non-genetic, which can affect the advancement of
fibrosis in HCV patients, including coinfection of hepatitis B virus and/or HIV, age at the
time of severe infection, the hereditary hemochromatosis gene (HFE), angiotensinogen, TGFβ-1, tumor necrosis factor (TNF), and more. Some of the most significant factors on fibrosis
progression have been found to be advanced age (≥40 years), alcohol intake (≥30gm), and
diabetes mellitus (Taneja et al., 2016).

2.2 HCV
Hepatitis C is one form of infectious hepatitis, meaning inflammation of the liver, and is
caused by the hepatitis C virus (HCV) which is a part of the Flaviviridae family of viruses;
the other types are Hepatitis A and Hepatitis B (Gompf et al., 2016). HCV is a singlestranded RNA that consists of 9.6 kb. HCV RNA encodes a single polyprotein that is split
into structural and non-structural proteins. The structural proteins consist of three components
(core, E1, and E2) and the non-structural proteins consist of seven components seven (p7,
NS2, NS3, NS4A, NS4B, NS5A, and NS5B) (Ferragamo, 2013). The condition of Hepatitis
C is a systemic viral infection that primarily comprises and affects the liver, and can cause
both acute and chronic liver diseases. HCV primarily infects hepatocytes; however, it has
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also been found in peripheral blood, especially mononuclear cells (Xiong, 2016). This
extrahepatic store of HCV is the primary cause of recurrent hepatitis C in orthopedic liver
transplant recipients (Xiong, 2016).
2.2.1

Epidemiology & Etiology.

Before the hepatitis C virus was discovered in 1989, it was understood to be associated
with blood transfusions, but known only as “non-A, non-B Hepatitis” (Centers for Disease
Control and Prevention (CDC), 2014). After the discovery and isolation of the HCV virus,
routine testing of the U.S. blood supply became compulsory (Xiong, 2016). As a result of
these new protocols, as well as more advanced testing methodologies, HCV was virtually
eliminated from blood banks in the United States by 1992, and in the decade after its
discovery, the annual number of new HCV infections is reported to have dropped by more
than 80% (CDC, 2014). The CDC and US Preventative Services Task Force have advocated
for one-time screening of persons born between 1945-1965, or, the “baby boomer”
generation, to try and identify previously infected individuals who might be unaware of their
infection (Klevens et al., 2016). This testing is particularly important because patient age >50
is one of the factors affecting the rate of progression of hepatic fibrosis most strongly
(Klevens et al., 2016).
Unfortunately, although stricter testing protocols, increased awareness, and greater
public understanding of the threat of HCV has led to an overall decrease in the number of
new infections, there are still 160 million chronically infected individuals worldwide
(Lavanchy, 2011). Because of the long timeline of its progression, HCV is still a global
health concern affecting every country in the world, necessitating sweeping, active
interventions by governmental agencies and health organizations to prevent its spread, control
its progression in the infected populations, and to find a safe, reliable, and affordable vaccine
(Lavanchy, 2011). In the United States, the “baby boomer” generation accounts for 75% of
all HCV infections, and 73% of HCV-associated mortality (CDC, 2014), with old age a
particularly complicating factor in the progression and prognosis of hepatic fibrosis to
cirrhosis (Sheiko & Rosen, 2016).
Prior to its discovery and isolation in the 1980’s, the primary cause of HCV infection
was the transfusion of infected blood (Barrera et al., 1995). In the present day, injected
recreational drug use accounts for approximately 60% of new infections (Xiong, 2016). The
other most common methods of HCV infection in the 21 st century are sexual transmission,
vertical transmission, and occupational exposure (National Institutes of Health (NIH), 2002).
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2.2.2

Statistics Worldwide

Recent estimates put global HCV infection rates at 2.35% of the world’s population
(Khattab et al., 2016). Approximately three to four million new infections occur worldwide
every year (Mohd-Hanafiah et al., 2013). The numerous varieties of HCV have been divided
into seven genotypes and several geno-subtypes, each with distinct geographic distributions,
and varying responses to anti-HCV agents (Li et al., 2016). A genotype is considered distinct
when 30-35% of the nucleotides in the complete genome differ, and several subtypes also
exist within each genotype (Thrift et al., 2017). Because treatment regimens and the clinical
courses of the disease can vary considerably between each genotype, it is critical that global
treatment policies reflect the understanding of the various genotypes that are prevalent in
different areas of the world (Thrift et al., 2017).
A systematic review conducted in 2015, that took into account more than a thousand
studies on HCV and 90% of the world’s population, provides a clear overview of the various
genotypes of HCV and their distribution globally (Figure 6) (Blach et al., 2016). HCV
Genotype 1 is the most common HCV genotype in the world, comprising 46.2% of all HCV
cases, of which approximately one-third are located in East Asia (Messina et al., 2015). HCV
Genotype 1 is the predominant type of HCV in 85 of the 115 countries studied by Messina et
al. (2015) and dominated in high-income and upper-middle income countries (60% of all
infections) (Blach et al., 2016). HCV subtypes 1a and 1b are most prevalent in the United
States and Europe, while in Japan, 73% of HCV-infected persons carry subtype 1b (Thrift et
al., 2017). HCV Genotype 1 is associated with the more aggressive development of severe
liver disease and typically displays an inferior response to antiviral therapy (Lavillette et al.,
2005).
HCV Genotype 3 is the next most prevalent genotype worldwide, comprising 30.1% of
cases globally (Thrift et al., 2017) and is common in lower-middle income countries (Blach
et al., 2016). HCV Genotype 3 is prevalent in south Asia and comparatively rare in Africa
(Messina et al., 2015). Genotype 3 typically indicates an increased risk of serious hepatic
complications and has a higher rate of overall mortality than the average for all patients
infected with HCV (Thrift et al., 2017). HCV Genotype 3a is particularly prevalent amongst
intravenous drug users in the United States and Europe (Zein, 2000).
HCV Genotypes 2, 4, and 6 together account for 22.8% of global HCV cases (Thrift et
al., 2017). Genotype 4 is the most common HCV genotype in the Middle East and low-
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income countries, and is overwhelmingly the dominant genotype in central sub-Saharan
Africa (Blach et al., 2016; Thrift et al., 2017). Although subtypes 2a and 2b are relatively
equally dispersed across North America, Japan, and Europe, subtype 2c is particularly
common in northern Italy (Zein, 2000). HCV Genotype 6 is present only as a minority
genotype in East and Southeast Asia, and is the dominant genotype only in Laos (Thrift et al.,
2017).
HCV Genotype 5 makes up less than one percent of all global infections of HCV (Thrift
et al., 2017). It is also geographically limited, and is only prevalent as an endemic genotype
in Southern Africa (Messina et al., 2015). Only one confirmed case of HCV genotype 7
infection has been reported globally, found in a Central African patient who had emigrated to
Canada (Murphy et al., 2007).

Figure 6: Global distribution of HCV genotype.
Genotypes 1 and 3 are the most prevalent worldwide (44% and 25% of all infections
respectively). However, infection rate of genotypes 2, 4, 5 and 6 is particularity high in
unique geographical regions with genotype 4 coming in third at 15% mainly composed of
low-income countries. Egypt, grouped under North Africa/Middle East, is predominantly
composed of genotype 4. Adapted with permission from Blach et al., 2016.

14

2.2.3

HCV in Egypt.

Egypt has one of the highest rates of prevalence of HCV infection worldwide, estimated
at 14.9% by the Egypt Demographic and Health Survey (Khattab et al., 2016). Egypt has the
fifth-highest rates of HCV infection in the world, after China, Pakistan, Nigeria, and India
(Figures 7 & 8) (Daw et al., 2016; Thrift et al., 2017). New cases of HCV peaked in 1970 in
Egypt, an unfortunate consequence of governmental efforts to eradicate schistosomiasis
(Elgharably et al., 2017; Thrift et al., 2017).
Historically, and as far back as the ancient Egyptian empires, Egypt’s foremost health
problem was the schistosomiasis parasite (Schistosoma mansoni and Schistosoma
haematobium), with S. mansoni previously being the primary cause of liver disease in the
country (Barakat, 2013). In 1918, it was discovered that an injection of the antimony salt,
tartar emetic, could cure schistosomiasis, and mass treatment of the parasite in this way was
introduced via primary healthcare services (Elgharably et al., 2017). From the 1950s to the
1980s, more than 2 million tartar emetic injections were given annually to an average of
250,000 patients, as a part of a sweeping national health effort organized by the Egyptian
government with advice and support from the WHO (Elgharably et al., 2017). Unfortunately,
in the process of this mass treatment of schistosomiasis, the Egyptian population was
simultaneously infected by HCV, a virus unknown until decades later, and other blood-borne
diseases. Three main factors influenced the high infection rates of HCV during this time
period as a part of the schistosomiasis treatment: patients were injected multiple times,
increasing the likelihood of pathogen transmission; sterilization techniques were very poor to
non-existent; and equipment was often reused, a protocol not considered important until the
HIV epidemic of the 1980s (Elgharably et al., 2017). Furthermore, the delayed onset of acute
symptoms of HCV infection meant that infections went overwhelmingly unnoticed until
years, or even decades, later (Elgharably et al., 2017). In the present day, nosocomial
infections, or infections originating in hospitals, are a primary source of infection in highprevalence countries such as Egypt (Thrift et al., 2017).
HCV-genotype 4 is the most common genotype in Egypt (Khattab et al., 2016). Twenty
percent of Egyptian blood donors are seropositive for HCV antibodies, and approximately
90% of Egyptian HCV patients are infected with HCV-genotype 4 (El-Guendy et al., 2016).
Egyptian geographical origin and insulin resistance are the major predicting factors of liver
fibrosis, and associated response to therapy, in HCV-genotype 4 (Khattab et al., 2016).
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Figure 7: Number of HCV-infected individuals in highest prevalence countries.
Top 10 countries with the highest numbers of individuals with HCV viremia. Egypt is 5 th
highest following China, Pakistan, Nigeria and India. Adapted with permission from Thrift et
al., 2017.

Figure 8: Prevalence of HCV infection around the world.
Egypt has the highest prevalence of HCV with more than 14% of people infected. Adapted
from Daw et al., 2016, open access article, no permission.
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2.2.4

Relation of HCV to Liver Fibrosis.

Chronic HCV infection is one of the most common causes of hepatic fibrosis, distortion
of the hepatic architecture, and ultimate progression to cirrhosis of the liver (Ahmad et al.,
2011). HCV infection inflames the liver which, if unmanaged or untreated, will inevitably
result in fibrosis, and then progress to cirrhosis, which has many comorbid complications
such as hepatic decompensation or hepatocellular carcinoma (HCC) (Sheiko & Rosen, 2016;
Thrift et al., 2017). HCV was declared carcinogenic to humans in 1993 by the International
Agency for Research on Cancer (IARC), and HCC is the third most common cause of cancerrelated death globally (Thrift et al., 2017). Chronic HCV infections are also associated with
insulin resistance and type-2 diabetes mellitus, which are more commonly seen
accompanying HCV infections compared to liver diseases of other etiology or healthy
controls (Khattab et al., 2016). Liver biopsies have long been the “gold standard” diagnostic
tools to determine the progression of hepatic fibrosis of any etiology, but their semisubjective scoring systems are not ideal, they are extremely costly, and the potential for pain
and serious complications associated with such invasive surgical procedures are large
(Klevens et al., 2016). The most common scoring methods, Ishak & METAVIR scores, are
evaluated by individual physician opinion, and are not quantitative (Ahmad et al., 2011)
(Figure 11). It is clear that a better methodology is needed to manage this global health
concern.

2.3 MicroRNAs
2.3.1

Background

MicroRNAs (miRNAs) are small, non-coding ribonucleic acids (Li et al., 2016).
MiRNAs are found in most eukaryotes, including humans (MacFarlane & Murphy, 2010).
Thousands of mature miRNAs have been identified across the spectrum of plants, animals,
and even viruses, and more than 2,500 have also been identified in humans alone (Li et al.,
2016). Typically, miRNAs negatively modulate gene expression through partial or full
complementary binding to target sequences in the 3’ untranslated region (3’UTR) of mRNA
(Guo et al., 2009). The study of miRNAs has revealed a huge variety of functions that they
perform in the body. These include critical biological processes such as cell proliferation,
differentiation, tumorigenesis, and apoptosis, and the translation, transcription, and regulation
of many genes, particularly members of the signal transduction networks (Guo et al., 2009;
Cermelli et al., 2011). Furthermore, absent and/or aberrant expression of miRNA is often

17

associated with the development of serious pathophysiological disorders, including various
types of cancers (Cermelli et al., 2011).
Two forms of miRNA regulation have been identified: in the first, miRNAs pair with
target sequences of mRNA by full or partial complementarity, and then trigger the
degradation of the target mRNA; in the second, miRNAs pair imperfectly with target
sequences and typically inhibit the translation of mRNA (Ambros, 2004). However, precise
or nearly precise complementarity is not necessary, meaning that any given miRNA could
theoretically bind to a wide variety of mRNAs. Although some miRNAs are uniquely created
from individualized transcription units, many more miRNAs are created from units capable
of creating various end products (Bartel, 2004). Particular transcripts may encode clusters of
distinct miRNAs, or they can encode combinations of miRNA and proteins, the latter of
which are organized so that the miRNA sequences are located inside introns (Carthew &
Sontheimer, 2009). Many new animal miRNAs are thought to be created by nucleotide
sequence changes, rather than through gene duplication (Lu et al., 2004). If a new miRNA
sequence appears within an existing transcription unit, it immediately expresses its
corresponding product without the creation or replication of enhancers or promoters, which
means that new miRNA genes can grow without the process of gene duplication, and may
explain why there are so many miRNA genes with multiple products (Carthew & Sontheimer,
2009). Single-stranded miRNAs have been associated with biological effector assemblies
known as RNA-induced silencing complexes (RISCs) (Carthew & Sontheimer, 2009).
The biogenesis of miRNAs has been studied in detail, and it is a complicated
mechanism. Nuclear transcription of miRNAs leads to capped and polyadenylated primiRNAs. In plants, Dc11 processes the RNA in succession, whereas in animals, the primiRNA is processed by the enzyme Drosha with the aid of DGCR8, resulting in a premiRNA species which is expelled from the nucleus and processed by the enzyme Dicer into
the mature miRNA-miRNA duplex (Carthew & Sontheimer, 2009). After this process has
completed, the miRNA duplexes are assembled into miRISCs via miRISC loading (Carthew
& Sontheimer, 2009) (Figure 9).
MiRNAs have the potential to disturb expansive regulatory networks, but their flexibility
also means they have great potential in targeted therapies (Li et al., 2016). Because miRNAs
are small, specific, and relatively stable in plasma, they also show great promise as diagnostic
and prognostic biomarkers (Motawi et al., 2016).
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HCV does not encode viral miRNA, as it is a single-stranded, positive-sense RNA virus,
however, it does alter the expression of host miRNAs, both in cellular culture and in patients
with progressive, chronic liver diseases, such as fibrosis, cirrhosis, and HCC (Li et al., 2016).
Current research continues to bring evidence that miRNAs are one of the most important
factors to consider in the interactions between virus and host, as host miRNAs regulate the
life cycle of the hepatitis C virus directly or indirectly. Host miRNAs regulate the life cycle
of HCV directly by binding to HCV RNAs or indirectly by targeting cellular miRNAs, which
in turn up- or down-regulate HCV replication (Li et al., 2016). Li et al. (2016) proposed that
this “competitive viral and host RNA hypothesis” indicates a hidden cross-regulation pattern
between host miRNAs and HCV RNAs. In cases of HCV infection, high loads of HCV RNA
co-opt host miRNAs from their healthy host targets, disturbing host gene expression and
allowing HCV to survive and establish a persistent infection (Li et al., 2016). The
expressions of certain miRNAs are closely matched to hepatic disease progression, and
because the changes in levels of these proteins are measurably specific using techniques such
as PCRs, more so than in traditional proteins, they can potentially serve as novel diagnostic
biomarkers for chronic HCV patients with associated liver diseases (Li et al., 2016).
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Figure 9: Biogenesis of miRNAs and its cellular release.
Pri-miRNAs are cleaved by Drosha enzyme and turned into pre-miRNAs which are
transported into the cytoplasm via Exportin 5. In the cytoplasm, they are cleaved into ~20
nucleotide mature miRNAs and join RISC to prevent translation of mRNA into proteins.
During chronic hepatic diseases, miRNA-protein complexes can be released passively or
actively. Adapted from Roderburg & Luedde, 2014, open access article, no permission.
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2.3.2

miRNA-16.

MiRNA-16 is an important eukaryotic miRNA that is involved in numerous biological
processes, including tumorigenesis (Yan et al., 2013). In humans, miRNA-16 is known to be
clustered within a 0.5 kilo base pair (kbp) region in Chromosome 13 and to have specific
gene targets (Yan et al., 2013). MiRNA-16 is known to be involved in the proliferation,
clonogenicity, and anchorage-independent growth of HBx-expression HepG2 cells by G1
phase arrest and the induction of apoptosis (Wu et al., 2011). MiRNA-16 has been shown to
directly target microtubule-associated protein 7 (MAP7), PR domain containing 4 (PRDM4),
and CDP- diacylglycerol synthase 2 (CDS2) (Yan et al., 2013). MiRNA-16 has also been
shown to be critically involved in the regulation of the proliferation of cancer cells, which
makes sense as its location on the chromosome is a region known to be downregulated or
absent entirely in cases of beta-cell chronic lymphocytic leukemia (B-CLL), the most
common form of leukemia in adults (Döhner et al., 2000).
Several miRNAs, including miRNA-16, have been found to be frequently deregulated in
cases of HCV, indicating the potential for the development of protocols to detect HCV and
the progression of hepatic fibrosis using these miRNAs. In 2009, Guo et al. showed that
miRNA-16 is downregulated during the activation of HSCs by microarray hybridization.
They also showed that miR-16 participates in the apoptosis of HSCs by targeting Bcl- 2 and
the downstream protease cascade. In 2011, Bihrer et al. and Cermelli et al. were among the
many researchers who have shown that miRNA-16 is differentially regulated in patients with
HCV. Cermelli et al. (2011) performed a study that showed that serum levels of miRNA-16
were 3.0-fold and 6.3-fold higher, respectively, in two study groups of patients with chronic
HCV infection, compared to healthy controls. They also showed that miRNA-16 was more
sensitive than alanine aminotransferase (ALT) in detecting the early stages of HCV. In 2015,
Zhu et al. further investigated miRNA-16, and found that miRNA-16 levels were increased in
patients with HCV infection, and that these values correlated inversely with Smad7 and
hepatocyte growth factor (HCF) expression levels. They also showed that both HGF and
Smad7 were targets of miRNA-16, and were downregulated as miRNA-16 expression
increased, promoting liver fibrosis.
In 2016, El-Abd et al. expanded on this previous research to investigate the potential of
miRNA-16 as a biomarker for the development of HCC. Their work showed that the
combination of serum miRNA-16 and serum alpha fetoprotein (AFP) made for a marked
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improvement in the early identification of HCC in Egyptian patients with chronic HCV
infections, compared to current best practices which indicate the use of AFP alone.
MiRNA-16 also has potential in the treatment of hepatic fibrosis. Guo et al. (2009)
expanded upon previous work which had shown that miRNA-16 is downregulated during the
activation of HSCs to a potential therapeutic application. In their work, they showed that
restoring intracellular miRNAs by the administration of miRNA-16 significantly decreased
the expression levels of cyclin D1 (CD1), and also encouraged cell-cycle arrest and apoptosis
in activated HSCs. They concluded that the transduction of miRNA-16 is a promising method
for inhibiting HSC proliferation and increasing the apoptosis index, thereby potentially
providing a treatment methodology for hepatic fibrosis.
2.3.3

miRNA-146a.

MiRNA-146 is a family of miRNA precursors found in mammals, including humans,
and has been shown to be directly involved in the regulation of inflammation and other
processes of the innate immune system (Sonkoly et al., 2008). MiRNA-146 is located on
Chromosome 5 in humans (Lagos-Quintana et al., 2002). The altered expression of miRNA146 in chronic inflammatory diseases has suggested its involvement in immune-mediated
diseases (Sonkoly et al., 2008). Inflammatory factors such as interleukin-1 and tumor
necrosis factor (TNF) have been shown to upregulate miRNA-146, both of which are key
players in the pathological processes associated with hepatic fibrosis (Sheedy & O'Neill,
2008). Another key player in the development of hepatic fibrosis is the primary stimulus
factor responsible for the activation of HSCs, transforming growth factor-β1 (TGF-β1).
Recent research has shown that the expression of miRNA-146a in HSC is downregulated in
HSCs in a dose-dependent manner in response to TGF-β1 stimulation (He et al., 2012).
He et al. (2012) showed that miRNA-146a is downregulated in fibrotic liver tissues, and
that the overexpression of miRNA-146a suppressed TGF-β1-induced HSC growth increase
and encouraged HSC apoptosis, that is, miRNA-146a expression is inversely correlated with
HSC cell proliferation. They also showed that the SMAD4 gene is the likely target of
miRNA-146a, and that miRNA-146a modulates SMAD4 in HSCs. Therefore, they concluded
that miRNA-146a modulates HSC proliferation induced by TGF-β1 by targeting SMAD4 (He
et al., 2012).
It has been shown that miRNA-146a is acutely involved in not only the progression, but
the replication and amplification of the HCV virus in infected patients, and its potential as a
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novel noninvasive biomarker for the progression of HCV-associated hepatic fibrosis and
HCC is great. Bandiera et al. (2004) worked with miRNAs and HCV on the theory that HCV
may directly induce miRNAs that contribute to hepatic injury and carcinogenesis. They
reached a conclusion that HCV-induced increases in miRNA-146a expression both promote
further viral infection, and are relevant to the pathogenesis of hepatic disease. It was shown
that miRNA-146a overexpression modulated pathways related to hepatic disease and HCC
development. The level of miRNA-146a was consistently shown to have increased across
multiple different models of HCV-infection, both in primary human hepatocytes and HCVinfected hepatocyte-like cells, and in HCV patient-derived hepatic tissue (Bandiera et al.,
2004). Overexpressed miR-146a also increased overall HCV infection through positive
impact on the late stages of the HCV replication cycle indicating that miRNA-146a-5p is a
promising biomarker for virus-induced liver disease and HCC (Bandiera et al., 2004).
Joshi et al. (2013) further explored the potential for miRNA-146a to act as a novel
noninvasive biomarker, particularly as it pertains to the severity of HCV recurrence and acute
cellular rejection (ACR) after liver transplantation. They worked on determining an
appropriate methodology for distinguishing recurrent HCV from ACR in liver transplant
patients, which is a frequently problematic task that can lead to incorrect conclusions, illadvised treatments, and adverse outcomes. They hypothesized that intragraft miRNA
expression profiles could not only differentiate recurrent HCV from ACR, but could
potentially also identify the severity of recurrent HCV. Joshi et al. (2013) studied patients
with both slow HCV fibrosis progression (Ishak stage <F2) and fast HCV fibrosis
progression (Ishak stage ≥F2), and found that microRNAs were a promising source of
potential resolution for this problem. Increased miRNA-146a expression was seen intragraft
in slow progressors versus fast progressors, and key fibrogenic mediators were downregulated in response to the upregulation of miRNA-146a. They concluded that miRNA-146a
plays an important role in the pathogenesis of HCV recurrence after liver transplant.
2.3.4

miRNA 214-5p.

The miRNA-214 family is a vertebrate-specific family of miRNA precursors, and is
located on the opposite strand of an intron of the Dynamin3 (Dnm3) gene where it is related
via expression cluster to miRNA-199 (Desvignes et al., 2014). MiRNA-214 is located on
Chromosome 1 in humans, specifically location 1q24.3 (NCBI, 2017). MiRNA-214 has been
shown to play an important role in a broad variety of both developmental processes and
developmental diseases. Given its vertebrate-specificity, it is unsurprising that miRNA-214
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has been shown to play a critical part in skeletogenesis, particularly the development of the
craniofacial skeletal elements, as well as several types of cancer (Desvignes et al., 2014).
MiRNA-214-5p is one of the most promising novel noninvasive biomarkers for the
detection of hepatic fibrosis progression in patients with HCV. In 2012, Iizuka et al. showed
that miRNA-214-5p was upregulated in both human and mouse livers in a fibrosis
progression-dependent manner. In the activation of mouse primary stellate cells, miRNA214-5p expression markedly increased, and was shown to be significantly higher in stellate
cells than in hepatocytes (Iizuka et al., 2012). The researchers showed that there was a direct
relation between the overexpression of miRNA-214-5p in LX-2 cells and the expression of
factors associated with the development of fibrosis, such as matrix metalloproteinase (MMP)2, MMP-9, α-smooth muscle actin, and TGF-β1 (Iizuka et al., 2012).
In 2014, Chen et al. expanded upon this previous research to show that miRNA-214 in
LX-2 cells is transferred via exosomes to recipient LX-2 cells or human HepG2 hepatocytes.
Furthermore, this connective tissue growth factor (CCN2) is another factor critical in driving
the fibrogenesis of HSCs, and it has been associated with a reciprocal downregulation of
miRNA-214. The downregulation of CCN2 expression is consistent with a conserved binding
of miRNA-214 to the CCN2 3’-UTR site, and the downregulation of miRNA-214 results in
the suppression of CCN2 3’-UTR activity and expression of CCN2 downstream fibrogenetic
targets alpha smooth muscle actin and collagen (Chen et al., 2014). It has also been shown
that Twist-1 is increased in fibrotic livers, and induced during HSC activation (Iizuka et al.,
2012). It can be concluded that miRNA-214-5p plays a crucial role in the activation of
hepatic stellate cells and the progression of hepatic fibrosis, and that Twist-1 may be the
regulator of miRNA-214-5p in hepatic stellate cells (Iizuka et al., 2012), and in 2015, Okada
et al. confirmed that miRNA-214-5p directly affects the development of hepatic fibrosis by
modulating both TGF-β signaling pathways and the epidermal growth factor receptors.
2.3.5

miRNA-221.

MiRNA-221 is an oncogenic miRNA, also known as a carcinogenic or tumorigenic miRNA,
that is involved in the formation of cancer cells. It is located on chromosome band Xp11,
specifically Xp11.3 (Tabasi & Erson, 2008). MiRNA-221 targets the mast/stem cell growth
factor receptor (SCFR) also known as proto-oncogene c-Kit or CD117, which then prevents
cell migration, proliferation, and angiogenesis in endothelial cells (Urbich et al., 2008). The
upregulation of miRNA-221 promotes cell cycle progression, angiogenesis, and invasion;
miRNA-221 has been shown to be an anti-apoptotic RNA, and its silencing can lead to
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increased cell death (Gupta et al., 2014). One of the targets of miRNA-221 is cyclindependent kinase inhibitor CDKN1B/p27, and the downregulation of this protein impacts
HCC prognosis (Tannapfel et al., 2000). Another target of miRNA-221 is CDKN1C/p57
(Fornari et al., 2008). The Bcl-2-modifying factor (BMF) is a pro-apoptotic protein that
modulates the susceptibility of HCC cells to apoptotic stimuli through a caspase 3-dependent
pathway, and BMF has been identified as another direct functional target of miRNA-221
(Gupta et al., 2014). MiRNA-221 was also shown to be upregulated in activated LX-2 HSC
cells and expression was enhanced by pro-fibrotic proteins including TGF and tumor
necrosis factor (TNF)-. It was also conversely shown to have a reduced expression by NFB inhibitor, which is one signaling pathway that regulates HSCs activation (Kitano &
Bloomstom, 2016). Ogawa et al. (2012) also showed that miRNA-221 was upregulated in the
human liver in a fibrosis progression-dependent manner.
Quite a bit of research has been done on miRNA-221 and HCV, and it is one of the most
promising avenues for potential biomarkers, therapies, and more effective treatments for
HCV. El-Garem et al. (2014) identified miRNA-221 as one of the most promising noninvasive biomarkers for the development of HCC in Egyptian patients with HCV-HCC. The
fold changes in serum miRNA expression were considerable across the different patient
groups. MiRNA-221 was elevated in the interferon-naïve chronic HCV patients and the postHCV compensated cirrhosis patients, and decreased in the treatment-naïve HCC patients (ElGarem et al., 2014). Receiver operating characteristic (ROC) curve analysis for miRNA-221
showed a sensitivity of 87% and a specificity of 40% for the differentiation of HCC from
non-HCC patients at cutoff 1.82 (El-Garem et al., 2014).
In addition to its potential as a biomarker, miRNA-221 has shown promise as a potential
partner in HCV treatment therapies. Xu et al. (2014) showed that miRNA-221 is upregulated
by HCV infection and helps to repress HCV replication. Furthermore, it was shown that
miRNA-221 could work in parallel with Interferon (IFN), (one of the most common
treatment therapies for HCV), amplifying IFN’s anti-HCV effect (Xu et al., 2014). They also
showed that miRNA-221 targets two members of the suppressor of cytokine signaling
(SOCS) family, SOCS1 and SOCS3, both of which are well-studied inhibitory factors on the
IFN pathway.
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2.3.6

miRNA-222.

Like miRNA-221, miRNA-222 is located on chromosome band Xp11 at site Xp11.3
(Tabasi & Erson, 2008). Also like mi-RNA-221, miRNA-222 inhibits endothelial cell
migration, proliferation, and angiogenesis by targeting CD117 and endothelial nitric oxide
synthase expression (Urbich et al., 2008). MiRNA-222 is also an oncogenic miRNA just like
miRNA-221, and its upregulation has been observed in several different kinds of human
tumors (Pang et al., 2010). The AKT (also known as Protein Kinase B) protein-coding,
protein phosphatase 2A subunit B (PPP2R2A) has been identified as a direct functional target
of miRNA-222 (Wong et al., 2010).
MiRNA-222 is upregulated in patients with chronic HCV, as well as patients with
NAFLD, in a manner dependent upon the progression of hepatic fibrosis in the patient
(Murakami & Kawada, 2016). Chang et al. (2014) showed that miRNA-222 has significantly
higher expression levels in patients infected with chronic HCV than those of healthy controls.
Upregulation of miRNA-222 has also been closely correlated with the miRNA expression of
collagen α-1 and α-SMA (Murakami & Kawada, 2016). It has also been shown that miRNA222 expression levels differ significantly between chronic hepatitis C (CHC) patients with
HCV genotype 1 and non-genotype 1, and significant correlations between miRNA-222
levels and AST and ALT levels have also been identified (Chang et al., 2014).
MiRNA-222 is known to be involved in oncogenesis; it is an oncogenic miRNA (Gupta
et al., 2014). It has shown promise as a diagnostic biomarker for monitoring patients infected
with HCV in the progression to HCC. Motawi et al. (2016) performed a study on Egyptian
patients of HCV, which showed that serum levels of miRNA-222 were significantly
upregulated in liver fibrosis patients, but not in liver cancer patients. ROC analysis confirmed
that miRNA-222 has great diagnostic potential as a biomarker to determine the progression of
liver fibrosis, although the authors postulated its application to identifying HCC was limited
(Motawi et al., 2016). However, other studies performed have found that miRNA-222
expresses at consistently high levels in HCC tumors when compared to adjacent cirrhotic
liver and normal hepatic tissue (Pineau et al., 2010). MiRNA-222 upregulation in cases of
HCC in turn downregulates antitumor immune response (Murakami & Kuwada, 2016).
Furthermore, it has been shown that there is a progressive, analogous increase in miRNA-222
overexpression from cirrhotic livers to early-stage HCC (Wong et al., 2010). Wong et al.
(2010) proposed that ability of miRNA-222 to activate AKT signaling in HCC is the reason
for its notable pro-metastatic effect, a conclusion with which Gupta et al. (2014) agreed.
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2.4 Current methods involved in staging fibrosis
The current most commonly applied protocol for the histological assessment of liver
disease activity and fibrosis is liver biopsy. Liver biopsies involve the histological evaluation
of a liver tissue sample removed from the body and examined under a microscope. Liver
biopsies have been practiced in formal modern medical settings since 1883 (Strassburg &
Manns, 2006). There are three types of liver biopsies: percutaneous, laparoscopic, and
transvenous (Johns Hopkins, 2017). Percutaneous liver biopsies involve local anesthetizing of
the patient, and the sample is taken via a needle inserted directly into the liver through the
skin of the abdomen (Johns Hopkins, 2017). Percutaneous biopsies are most commonly
employed in cases of HCV infection or suspected rejection in a transplant patient (Strassburg
& Manns, 2006). Laparoscopic biopsies necessitate the general anesthetization of the patient,
after which a laparoscopic camera is inserted into the abdominal cavity through an incision.
A second tube guides the surgical needle to remove the tissue sample from the organ (Johns
Hopkins, 2017). Laparoscopic biopsies are typically employed to investigate the impact of
diseases which are characterized by a zonal affectation of the liver, such as sclerosing
cholangitis or suspected metastatic disease (Strassburg & Manns, 2006). Transvenous, or
transjugular liver biopsies involve an incision in the patient’s neck, whereby the biopsy
needle is inserted into the liver via the hepatic vein (Johns Hopkins, 2017). Transjugular
biopsies are used when percutaneous biopsy is contraindicated due to patient clotting
problems or ascites (Keshava et al., 2008).
Liver biopsies are limited by many factors such as the potential for sampling variability
and serious complications from such an invasive technique (Everhart et al., 2010). Liver
biopsies are also assessed through subjective scoring techniques such as the Ishak and
METAVIR scores. Such numerical scoring techniques for evaluating liver biopsies were
developed in the 1990s as the medical community studied and understood Hepatitis C and
developed treatments (Everhart et al., 2010). These scoring systems have not changed in any
dramatic way since their development, and rely on the knowledge and expertise of the doctor
assessing the biopsy for accuracy. The METAVIR score describes four broad stages of
fibrosis: portal, few septa, numerous septa, and cirrhosis (Everhart et al., 2010). The Ishak
score, on the other hand, defines six stages of fibrosis, with finer distinctions in hepatic
fibrosis analysis and architectural restructuring (Everhart et al., 2010) (Figure 10 & 11).
Although these figures clearly show the distinctions between stages of fibrosis progression,
these are idealized examples that do not reflect the frequently unclear realities of biopsy
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results. In real-world applications, it has been shown that fragmented biopsies often result in
histological understaging (Everhart et al., 2010).
Other methods of classifying liver fibrosis fall under the umbrella of non-invasive
protocols, which include serum, genetic, and imaging techniques. Serological (serum) marker
techniques involve measuring one or more molecules in the patients’ blood or serum
correlating to hepatic fibrosis. Direct serum markers are associated with ECM generation and
degeneration and the rates of hepatic fibrogenesis and fibrotic deterioration. Indirect serum
markers are associated with the disturbance of hepatic function or architecture. Combinations
of both direct and indirect serum markers are being established as potential alternatives to
liver biopsies (Lurie et al., 2015). The cytokines TGF- β1 and PDGF are directly involved in
the deposition of ECM, have been shown to significantly correlate with the degree of liver
fibrosis, and thereby show promise as direct serum markers (Sheiko & Rosen, 2016). The
Fibrosis Index is an indirect serum marker methodology that combines platelet count with
albumin contents, and has shown the ability to differentiate mild fibrosis, significant fibrosis,
and cirrhosis (Ahmad et al., 2011; Lurie et al., 2015). The Apricot, or FIB-4 assay combines
four direct and indirect markers, and is an example of a composite test. The Apricot assay
combines AST, ALT, platelet count, and patient age, and has been validated to predict
significant fibrosis in HCV patients (Ahmad et al., 2011). These three examples are only a
tiny fraction of the serum markers known to be at least somewhat useful for identifying the
progression of hepatic fibrosis, however, of the many markers, tests, and assays identified
thus far, few are universally applicable to patients of chronic HCV infection (Ahmad et al.,
2011).
Another avenue being explored is scanning or imaging techniques, which can detect
changes in hepatic parenchyma and ideally differentiate between moderate and severe
fibrosis. However, these methodologies are often nearly as expensive as liver biopsies, and
few have been thoroughly validated (Lurie et al., 2015). One of the most promising scanning
techniques is transient elastography (TE) which measures liver stiffness (Taneja et al., 2016).
Liver stiffness measurements (LSM) have been shown to closely relate to fibrosis stage
(Ahmad et al., 2011) (Figure 12). When using LSM in combination with the serum marker
FIB-4, fair reliability was shown in predicting hepatic fibrosis in patients with chronic HCV
(Taneja et al., 2016).
The final branch of potential noninvasive evaluation techniques for hepatic fibrosis lies
with genetic markers. Because the metabolism of ECM is a very complex process that
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involves specific balances between rates of ECM deposition and degradation, several genetic
polymorphisms have been identified that are influenced by cytokines or other factors and
affect the progression of hepatic fibrosis (Ngo et al., 2006). The primary advantage of using
genetic markers over liver biopsy is their long life and potential for retesting, whereas liver
biopsy represents only one point in time (Ahmad et al., 2011; Lurie et al., 2015). The role of
several genes, such as PDGF, TGF-β1, various collagens, interlukin, and their up- or downregulation in the progression of hepatic fibrosis has been investigated and determinations
have been made regarding their usefulness in predicting fibrotic progression (Figure 13)
(Ahmad et al., 2011).
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Figure 10: Fibrosis staging using METAVIR scoring method.
The Metavir grading method evaluates two structures, periportal necrosis and lobular
necroinflammatory activity. Progression of fibrosis is composed of four stages (F1 minimal
scaring/portal fibrosis, F2 scarring has occurred/portal fibrosis with few septa, F3 bridging
fibrosis is occurring/septal fibrosis and F4 advanced scarring of the liver/cirrhosis). Adapted
from Asselah et al., 2009, open access article, no permission.
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Figure 11: A comparison of the Ishak and METAVIR scoring systems for liver fibrosis.
The left-most column shows type-defining examples of what would be typically expected to
see in thin section during liver biopsy analysis, the next column contains verbal descriptions
of the fibrotic progression, and these are then correlated to their corresponding Ishak and
METAVIR scores. Adapted with permission from Standish et al., 2006.
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Figure 12: Ziols transient elastography (TE) cutoffs correlated with traditional
METAVIR fibrosis scores.
TE, used to measure liver stiffness, is just one of many proposed non-invasive methodologies
for measuring the progression of hepatic fibrosis. Adapted from Cox-North & Shuhart, 2015,
open access article, no permission.
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Figure 13: Gene expression in fibrosis stages.
Different genes are shown to be differentially expressed between various stages of hepatic
fibrosis, including cirrhosis. Adapted from Ahmad et al., 2011, open access article, no
permission.
(PDGF= Platelet-Derived Growth Factor; TFG-1= Transforming Growth Factor- β; COLI-A1= Collagen
la1; TNF= Tumor Necrosis Factor; ADAMTS= A Disintegrin-like And Metalloprotease with
Thrombospondin; MMPs= Matrix Metalloproteinase; TIMPs= Tissue Inhibitors of Metalloproteinases;
LAMB1= Laminin Subunit Beta 1; LAMC1= Laminin Subunit Gamma1; CD44=
Cluster of Differentiation 44; ITIH1= Inter-alpha-trypsin Inhibitor H1; SERPINF2= Serpin Family F
Member 2; TTR= Transthyretin; ICAM1= Intracellular Adhesion Molecule One; ITGA= Integrated Trace
Gas Analyzer; APO A2= Apolipoprotein A2; APO C3= Apolipoprotein C3; CYP2C8= Cytochrome
P4502C8)
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2.5 Importance
Chronic HCV infection affects huge swaths of the global population, with hundreds of
millions of people currently infected, and millions more infected every year (Lavanchy,
2011). Furthermore, the burden of HCV on healthcare systems will only increase in the
coming decades, as the disease typically takes years to develop and progress. Chronic HCV
infection will inevitably result in hepatic fibrosis, which, if unmanaged for years, will
progress to hepatic cirrhosis, which is a major indicator for the development of hepatocellular
carcinoma (HCC) (Li et al., 2016).
HCV is the leading cause of liver disease and liver cancer in the modern world (Bandiera
et al., 2004). HCC is the sixth most common cancer in the world (El-Abd et al., 2015), and
the third most deadly cancer in the world (Thrift et al., 2017). According to WHO,
tuberculosis (TB), HIV and malaria have decreased the mortality numbers between 20002015, however viral hepatitis has increased (Figure 14) (WHO, 2017). HCC’s high mortality
rates mean a poor prognosis for patients diagnosed with HCC, however, diagnoses are
typically only made after hepatic fibrosis has progressed an alarming amount, due to
limitations in current diagnostic methods and the delayed onset of acute symptoms in HCV
infections (Ahmad et al., 2011) (Figure 15).
There is also growing evidence that shows that a viral cure does not eliminate the risk of
HCC development (Bandiera et al., 2004). Even after liver transplantation, HCV
reoccurrence is frequent, and its recurrence patterns are poorly understood. Histological
findings have shown HCV to reoccur after liver transplant at wildly varying time points and
through many different mechanisms of hepatocyte damage (Wiesner et al., 2003). Therefore,
it is of upmost importance to diagnose liver fibrosis as early as possible while making such
diagnostic assays accessible to the majority of infected individuals. This means cost effective
for the infected individuals of low-income countries.
MiRNAs are small, specific, relatively stable in plasma, and present in almost every
bodily fluid, and these qualities make them excellent potential novel biomarkers (Motawi et
al., 2016). Assessment of miRNA expression can be done using noninvasive techniques such
as blood tests, potentially eliminating, or at least alleviating, the need for dangerous,
expensive tests such as liver biopsies. Furthermore, liver biopsies cannot be performed
sequentially, while serum tests can be, allowing for progressive monitoring and analysis in
chronic HCV patients (Khattab et al., 2016). Because miRNAs have been suggested to be
involved in the multi-step process of chronic HCV infection they are proving to be great
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diagnostic markers for progression of liver fibrosis (Nallagangula et al., 2017). With a proper
and efficient prevention, screening and treatment method, total viremic infections can decline
rapidly (Nallagangula et al., 2017).

Figure 14: Global annual mortality from hepatitis, tuberculosis (TB), HIV and malaria.
Mortality numbers for hepatitis have increased while TB, HIV and malaria have decreased
between the year of 200-2015. Adapted from Global Hepatitis Report 2017, WHO, 2017,
open access article, no permission.

Figure 15: Number of people infected, diagnosed and treated for HCV.
The number of people infected by HCV from all different parts of the world significantly
outweigh the numbers treated of even diagnosed for HCV. Adapted from Cohen, 2017, open
access article, no permission.
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3 Study Objectives
The purpose of this study is to find suitable miRNAs that can be used to develop a
simple diagnostic assay to detect different stages of liver fibrosis. The results generated from
this study may add information critical to understanding the role of the five main miRNAs
(miR-16, miR-146a, miR-214-5p, miR-221, miR-222) during the development of liver
fibrosis and their possible use as biomarkers to detect progression from liver fibrosis to
cirrhosis. This study will specifically enhance the data available on liver fibrosis induced by
HCV in the Egyptian population consisting primarily of the genotype 4 strain. The goal is to
find highly specific and sensitive miRNA biomarkers to diagnose liver fibrosis as early as
possible.
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4 Materials and Methods
4.1

Patients

The patients selected for this research study are patients who were admitted to the hepatogastreoenterology department of Theodore Bilharz Research Institute (TBRI) in Cairo, Egypt.
Full medical history was obtained and thorough clinical investigations were performed to
evaluate and select eligible candidates.
Patients were excluded from the study if they had any discoveries of other etiologies of
chronic liver diseases alongside HCV. Other etiologies of chronic liver diseases comprised
Schistosoma infection, hepatitis B virus, dual hepatitis B and C viral infection, biliary
disorders and other malignancies. These were identified using serological, parasitological,
histopathological, or ultrasonographic methods. Patients were also excluded if they were
HCV infected but were receiving immunomodulatory interferon- therapy.
The patients that were included in this study had evidences of chronic hepatitis C,
circulating anti-HCV genotype 4 antibodies, and histopathological features of fibrosis in liver
biopsy specimens. Patients were selected and divided into three groups: 42 HCV infected
early stage fibrosis patients (F1-F2), 45 HCV infected late stage fibrosis patients (F3-F4) and
40 normal patients as controls. Fibrosis grading was based on the Metavir scoring system
(Cox-North & Shuhart, 2015).
Patients written consent were obtained according to the IRB regulations and the guidelines
of the TBRI Institute’s Human Research Ethics Committee.

4.2

Liver Histopathology

A liver biopsy sample was taken from each patient on 5 micrometer thick serial sections of
paraffin-embedded,

formalin-fixed

blocks,

stained

with

Masson

trichrome

and

hematoxylin/eosin stains. Fibrotic stage was evaluated using the Metavir scoring system
(Cox-North & Shuhart, 2015). Metavir scoring system was designed to assess liver damage
specifically affected by hepatitis C virus. Fibrosis is staged based on the length in expansion
of fibrotic areas between portal tracts. The stages correlate as follows: F0= no fibrosis, F1=
portal fibrosis without septa, F2= portal fibrosis with rare septa (>1 septum), F3= numerous
septa and F4= cirrhosis (Cox-North & Shuhart, 2015). Accordingly, patient samples were
divided into early stage (F1-F2), and late stage (F3-F4) fibrosis groups.
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4.3 Collection of Sera
Blood serum was extracted from each patient (using sterile disposable syringes) in
complete aseptic conditions. From each patient, 5 mL of blood were withdrawn intravenously
into uncontaminated test tubes and allowed to clot. Blood clot was removed by centrifuging
the test tubes at low speeds for 10 minutes at room temperature. The resulting supernatant
(serum) was then aliquoted into 1.7 ml Eppendorf tubes and were stored at -80˚C until used.

4.4 Laboratory Tests
Liver function tests were conducted using commercially available reagents and standard
kits. These tests included aspartate aminotransferase (AST), alanine aminotransferase (ALT),
bilirubin, albumin, and prothrombin time (PT).
4.4.1

Detection of Circulating Anti-Schistosome Antibodies

ELISA technique was used to detect anti-schistosome antibodies. Microtiter plate
(Immulon II, Dynatech Laboratories, USA) was coated with 100µL/well of 10µg/mL of S.
mansoni soluble egg antigens (SEA) in 0.06 M carbonate buffer with pH 9.6. After the plate
was incubated overnight at room temperature, it was then washed with 0.01 M phosphate
buffer saline (PBS). 200 mL/well of 1% bovine serum albumin (Sigma Chemicals, St. Louis,
USA) was used in carbonate buffer to block free sites. It was left to incubate for one hour at
37˚C, followed by thorough washing with PBS. The sera was then diluted 1:500 in 0.01M PS
and 100µL were dispensed per well. The plate was left to incubate again for another 30
minutes at 37˚C. The plate was then washed with PBS again and 100µL of 1:1000 dilution of
polyclonal goat anti-human horseradish peroxidase-labeled IgG antibody (Sigma Chemicals,
St. Louis, USA) was delivered per well. For one last time, the plate was left to incubate at
37˚C for 30 minutes, then was washed with PBS. 100µL of ortho-phenylenediamine-H2O2
substrate solution was added per well and was left covered to incubate in the dark for 20
minutes. Finally, 50µL of 8N H2SO4 was added to each well to stop the reaction. Using the
ELISA microplate reader, the absorbance of each well was read at 492 nm wavelength. A cut
off value of 0.23 was used to differentiate positive from negative samples which was based
on the mean value of healthy subjects +3 SD.
4.4.2

Detection of Hepatitis B Surface Antigen (HBs Ag)

Solid phase sandwich ELISA kit (Axiom Diagnostics, Burstadt, Germany) was used
to detect hepatitis B surface antigen in patients’ sera. The wells of the microtiter plate were
coated with antibodies specific to HBsAg and incubated with unknown serum samples
including a mixture of anti-HBs Ag horseradish peroxidase-conjugated mouse monoclonal
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antibodies. The wells were thoroughly washed to remove excess unbound material and a
substrate solution contained 3, 3’, 5, 5’ tetramethylbenzidine and H 2O2 was added. 8 N
H2SO4 was added to each well to terminate the enzyme-substrate reaction. The wells that
contained HBsAg in the serum changed from a purple to an orange colors. The ELISA
microplate reader was used to determine the amount of color in the wells photometrically at
450/620 nm wavelength, which was directly proportional to the amount of bound conjugate
and equal to the concentration of HBsAg.
4.4.3

Detection of Anti-HCV (genotype 4) Antibodies

For the detection of anti-HCV genotype 4 antibodies a Version V anti-HCV solid
phase indirect ELISA kit (Axion Diagnostics, Burstadt, Germany) was used. Micro-wells
were coated with extremely purified antigens which contained sequences from the putative
core, NS3, NS4 and NS5 regions of HCV. The sera were then added to each well, left to
incubate and then thoroughly washed. The captured anti-HCV antibodies were incubated with
goat anti-human peroxidase-labeled IgG antibody and then washed again to remove unbound
excess conjugate. Substrate solution containing H2O2 and 3, 3’, 5, 5’-tetramethylbenzidine
was added to visualize the bound enzyme. The wells containing anti-HCV positive samples
developed a purple color. The reaction was terminated by the addition of 8 N H 2SO4 and
caused the samples to change from a purple color to an orange color. The ELISA microplate
reader was used to determine the absorbance of each well which was read at 450 nm
wavelength photometrically. The color of the wells was directly proportional to the amount of
bound conjugate and therefore directly proportional to the concentration of anti-HCV
antibody.

4.5

Serum miRNA assay
4.5.1

miRNA Extraction

Total RNA was extracted using the miRNeasy serum/plasma extraction kit (Qiagen,
Valencia, CA, USA) which specifies the use of QIAzol lysis reagent in the manufacturer’s
protocol. For each reaction 200µL of serum was mixed with 1000µL of QIAzol. 3.5µL of
miRNeasy serum spike-in control and 200µL of chloroform were added and vortexed
respectively. The serum was then centrifuged for 15 minutes at 12,000 xg at 4˚C. The upper
aqueous phase which contains the RNA was transferred to a new collection tube and 900µL
of ethanol was added and mixed in. The sample was then pipetted into a miRNeasy elute spin
column and centrifuged at 10,000 rpm for 15 seconds at 35˚C. 700µL of RWT buffer and
500µL of RPE buffer were added and centrifuged for 15 seconds at 10,000 rpm respectively.
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500µL of 80% ethanol was added and centrifuged for 2 minutes at 10,000 rpm. The spin
column was placed in a new 2 mL collection tube and centrifuged at full speed for 5 min. The
spin column was then placed in a new 1.5 mL tube and 15µL of RNase-free water was added
and centrifuged at full speed for 1 minute to elute the RNA. This was step was repeated again
to obtain a final elution volume of 30µL. RNA concentration was determined using the
NanoDrop2000 (Thermo scientific, USA). DNase treatment (Qiagen, Valencia, Ca) was done
to remove any contaminating DNA. Concentration of RNA was obtained for all reactions
using the NanoDrop 2000 (Thermo Scientific, USA). Approximately 300 ng/ µL of RNA was
obtained from each reaction.
4.5.2

Reverse Transcription (RT) and Quantitative PCR (qPCR)

Reverse Transcription (RT) and quantitative PCR (qPCR) kits designed specifically
for accurate miRNA analysis in serum samples were used to evaluate the selected miRNAs.
RT reactions were performed using the TaqMan miRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA). Each RT reaction had a final volume of 15µL
which was composed of: 7µL RT master mix, 3µL specific miRNA RT primer, and 5µL total
extracted RNA with a concentration between 1 to 10 ng. The RT reactions were incubated for
30 minutes at 16˚C degrees Celsius, 30 minutes at 42˚C degrees Celsius, 5 minutes at 85˚C
degrees Celsius and then maintained at 4˚C degrees Celsius.
1.33µL of the RT product was mixed with 10µL of TaqMan 2X Universal PCR master
mix, 1µL of the specific TaqMan microRNA assay (Table 1) and 7.67µL of nuclease-free
water for a final reaction volume of 20µL. The reactions were run on the StepOnePlus™ RealTime PCR System (Applied Biosystems, Foster City, CA, USA) under the following
conditions: 95˚ C for 10 minutes, followed by 40 cycles at 95˚ C for 15 seconds, and 60˚ C
for 1 minute. The comparative cycle threshold (C T) 2−ΔΔCT method (Livak & Schmittgen,
2002) was used to calculate the relative expression of miRNA with miRNA-39 as the
endogenous control to normalize the data. 2−ΔΔCT is the most common method used for
relative quantitation. The C T is the number is number of cycles required for the fluorescent
signal to cross the threshold. CT was calculated by subtracting the CT value of miR-39 from
the CT value of the targeted miRNA. CT was then calculated by subtracting CT of the
control samples from the CT of the tested samples. The negative value of this value (-CT)
is used as the exponent of 2 in the equation and this represents that fold change of the
targeted miRNA relative to the control.

40

Table 1: Assay IDs and mature miRNA sequence for the 5 chosen miRNAs

MicroRNA

Assay ID

Mature miRNA Sequence

miR-16

000391

UAGCAGCACGUAAAUAUUGGCG

miR-146a

000468

UGAGAACUGAAUUCCAUGGGUU

miR-214-5p

002293

UGCCUGUCUACACUUGCUGUGC

miR-221

000524

AGCUACAUUGUCUGCUGGGUUUC

miR-222

002276

AGCUACAUCUGGCUACUGGGU

Assay IDs are composed of a 6-digit number code uniquely chosen for each TaqMan assay
design which include the RT & qPCR primers and probe sequence. The mature miRNA
sequence is the sequence of the RNA targeted by the assay.
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4.6 Statistical Analysis
Statistical Package for the Social Science (SPSS) version 24 (IBM SPSS, Chicago, Il,
USA) was utilized to analyze the data. The variables were expressed as the mean  standard
deviation (SD). The Mann-Whitney U-test was used to analyze and compare the demographic
and biochemical data. The Mann-Whitney test was chosen because the data did not have a
normal distribution meaning the data was considered to be nonparametric. The analysis of
variance (ANOVA) test was used to determine whether there was any significance in the
expression of miRNAs between each group of patients (controls, early stage fibrosis and late
stage fibrosis). The expression was considered to be significant if the probability was less
than 0.01 (p < 0.01).
Receiver operating characteristic (ROC) curve analysis was done to evaluate the
diagnostic accuracy (sensitivity and specificity) of the 5 miRNAs. The area under the ROC
curve (AUC) and the 95% confidence interval (CI) were calculated to determine the degree of
significance of this data. A p value < 0.05 was considered significant, while p < 0.001 was
considered highly significant.
Pearson correlation method was used to correlate miRNA expression patterns within
each group of patients. A minimum p value < 0.05 was used to define a significant
correlation between miRNAs.
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5 Results
5.1 Demographic, biochemical, and liver histopathology investigations of
patients
Clinically and biochemically healthy individuals served as the control group which
consisted of 40 individuals. Demographic and biochemical profiles of the three groups are
presented in Table 2. Demographic data included: age, gender and number of patients.
Whereas the biochemical data included: albumin, bilirubin, ALT, AST and PT values. The
control group were all within in the expected range/concentrations for the biochemical
properties tested. The early and late stage fibrosis included were all elevated.
The early stage fibrosis group consisted of 42 patients with F1-F2 fibrotic stages, while
the late stage fibrosis group consisted of 45 patients with F3-F4 fibrotic stages. Fibrosis is
staged based on the length in expansion of fibrotic areas between portal tracts. The stages
correlate as follows: F0= no fibrosis, F1= portal fibrosis without septa, F2= portal fibrosis
with rare septa (>1 septum), F3= numerous septa and F4= cirrhosis (Cox-North & Shuhart,
2015) (Figure 16).
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Table 2: Demographic and biochemical characterization of early/late stage fibrosis patients
and controls

Parameters

Control (n=40)

CHC with early
stage fibrosis
(n=42)

CHC with late
stage fibrosis
(n=45)

Age

47.0 ± 3.5

46.3 ± 7.6

51.3± 4.6

Male / female
ratio

3/1

4/3

6/3

Albumin (g/dL)

4.1 ±0.9

3.7 ±0.6

2.6 ± 0.2*

Bilirubin (mg/dL)

1˂

˃1–3

˃3

ALT (IU/L)

36.9 ± 5.2

69.1 ± 17.3*

57.8 ± 15.3*

AST (IU/L)

29.7 ± 8.3

52.8 ±13.9*

49.7 ± 11.1*

PT (%)

95.6 ± 3.4

89.6 ± 4.8

41.5 ±11.1*

Data expressed as mean ± standard deviations (SD).
* p< 0.01 significant change compared to control group.
Albumin: Normal range = 3.5-5 g/dL,
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST): Normal range is up
to 40 IU/L.
Prothrombin time (PT): Normal range for concentration = 80-100%.
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Figure 16: HCV-Induced liver fibrosis stages.
Different stages of fibrosis are illustrated in the figure above as follows: a) F0- no fibrosis; b)
F1-portal fibrosis without septa; c) F2- portal fibrosis with rare septa; d) F3- numerous septa;
e) F4-cirrhosis.
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5.2 MicroRNAs expression profiles by qPCR
MiRNA-16, miR-146a, miR-221 and miR-222 all showed a very highly significant
increase in the early and late fibrosis stages compared to the control/normal with a p value
<0.001. MiRNA-221 also showed a very highly significant increase in the late stage fibrosis
than the early stage (p<0.001). MiRNA-214-5p is the only miRNA that did not show any
significance in any of the stages.
Table 3: Expression levels of the 5 miRNAs in each patient group
MiRNAs

Normal

Early Stage
Fibrosis

Late Stage
Fibrosis

miRNA-16

14.26 ± 0.69

24.25 ± 0.50**

23.29 ± 0.47**

miRNA-146a

21.75 ± 0.34

28.75 ± 0.42**

27.84 ± 0.52**

miRNA-214-5p

40.69 ± 1.24

37.85 ± 0.93

38.98 ± 2.02

miRNA-221

20.95 ± 0.61

74.38 ± 2.16**

96.01 ± 4.36**, a

miRNA-222

19.99 ± 0.67

63.74 ± 1.67**

85.31 ± 0.53**, a

**p<0.001
ap<0.001

very highly significant increase than normal;
very highly significant increase than early stage fibrosis.
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Figure 17: Box Plots.
Box plot diagrams show the expression of miR-16 (A), miR-146a (B), miR-214-5p (C), miR221 (D), and miR-222 (E) in early and late stage fibrosis via HCV. The box includes the
values for the 25th and 75th percentile of the data as well as the median. The vertical line
extends from the minimum to the maximum value.
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5.3 Diagnostic performance of circulating miRNAs in predicting liver fibrosis
MiRNA expression levels were assessed by calculating the area under the curve (AUC),
confidence interval (CI), sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV). The AUC, CI and p-values for early and late stage fibrosis are
presented in Table 4 and Table 6, respectively. The AUC values are usually between 0.5 and
1.0 with 1.0 theoretically being the perfect scenario and 0.5 indicating no discriminative
value. The sensitivity, specificity, PPV and NPV values for early and late stage fibrosis are
presented in Table 5 and Table 7, respectively. The receiver operator characteristic (ROC)
curve is used calculates the specificity and sensitivity. MiRNA-221 and miRNA-222 had the
highest AUC values in both early and late stage fibrosis. They both showed extremely high
sensitivity and specificity in late stage fibrosis with values of (100, 88.4) and (100, 96.77),
respectively, indicating potential significance in diagnosis.
Early Stage Fibrosis:
Table 4: AUC, CI, and p-values for the miRNAs in early stage fibrosis
MiRNAs

AUC

CI 95%

p-value

miRNA-16

0.716 ± 0.05

0.604 - 0.829

<0.01

miRNA-146a

0.470 ± 0.08

0.317 - 0.623

>0.623

miRNA-214-5p

0.379 ± 0.09

0.197-0.561

>0.216

miRNA-221

0.738 ± 0.06

0.609-0.867

<0.001

miRNA-222

0.759 ± 0.06

0.631-0.887

<0.001

Table 5: The sensitivity and specificity values for miRNAs in early stage fibrosis
MiRNAs

Sensitivity (%)

Specificity (%)

PPV

NPV

miR-16

68.75

65.22

73.33

60.0

miR-146a

60.0

57.14

55.56

61.54

miR-214-5p

40.0

60.0

45.45

54.55

miR-221

65.22

78.13

68.18

75.76

miR-222

69.23

83.83

78.26

75.76

PPV: Positive Predictive value; NPV: Negative Predictive Value
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A. miRNA- 16

B. miRNA- 146a

C. miRNA-214-5p

D. miRNA-221

E. miRNA-222

Figure 18: ROC Curves in early stage fibrosis.
ROC curve analysis was performed for each of the 5 tested miRNAs in early stage fibrosis.
The ROC curve is used in comparing specificities and sensitives of each miRNA to determine
its significance as a diagnostic and screening biomarker.
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Late Stage Fibrosis:
Table 6: AUC, CI, and p-values for the miRNAs in late stage fibrosis
MiRNAs

AUC

CI 95%

p-value

miRNA-16

0.760 ± 0.06

0.641 - 0.879

<0.05

miRNA-146a

0.788 ± 0.06

0.676-0.900

<0.05

miRNA-214-5p

0.510 ± 0.121

0.274-0.747

>0.921

miRNA-221

0.929 ± 0.04

0.840 - 0.1.000

<0.001

miRNA-222

0.893 ± 0.04

0.809-0.976

<0.001

Table 7: The sensitivity and specificity values for the miRNAs in late stage fibrosis
MiRNAs

Sensitivity (%)

Specificity (%)

PPV

NPV

miR-16

71.43

75.0

83.33

60.00

miR-146a

73.68

90.0

93.33

64.29

miR-214-5p

63.16

47.06

72.73

36.36

miR-221

100.0

88.24

84.0

100.00

miR-222

100.0

96.77

96.00

100.00

PPV: Positive Predictive value; NPV: Negative Predictive Value
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A. miRNA- 16

B. miRNA-146a

C. miRNA-214-5p

D. miRNA-221

E. miRNA-222

Figure 19: ROC Curves for late stage fibrosis.
ROC curve analysis was performed for each of the 5 tested miRNAs in late stage fibrosis.
The ROC curve is used in comparing specificities and sensitives of each miRNA to determine
its significance as a diagnostic and screening biomarker.

51

5.4 Correlations
Analysis was done to study the relationship between the miRNAs in both early and late
stage fibrosis using the Pearson correlation. Pearson correlation coefficient (r) is expressed as
a value between -1 to +1. A value of r= -1 indicates a negative correlation, r=0 indicates no
correlation and r= +1 indicates a positive correlation. MiRNA-221 showed positive
correlation with miRNA-146a and miRNA-16 in early and late stage fibrosis, with a higher
significance in early stage. In late stage fibrosis, miRNA-146a showed the strongest
correlation with miRNA-16.
Early Stage Fibrosis:
Table 8: Correlations between miRNAs in early stage fibrosis

miR-16

Pearson
Correlation

miR-16

miR-146a

miR-214-5p

miR-221

miR-222

1

.397

-.169

.570**

-.009

.067

.452

.006

.969

1

.269

.634**

.183

.225

.002

.414

1

.127

.033

.574

.885

1

-.128

Sig. (2-tailed)
miR-146a

miR-214-5p

miR-221

miR-222

Pearson
Correlation

.397

Sig. (2-tailed)

.067

Pearson
Correlation

-.169

.269

Sig. (2-tailed)

.452

.225

Pearson
Correlation

.570**

.634**

.127

Sig. (2-tailed)

.006

.002

.574

Pearson
Correlation

-.009

.183

.033

-.128

Sig. (2-tailed)

.969

.414

.885

.499

.499
1

** Correlation is significant at the 0.01 level (2-tailed).
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Late Stage Fibrosis:
Table 9: Correlations between miRNAs in late stage fibrosis

miR-16

Pearson
Correlation

miR-16

miR-146a

miR-214-5p

miR-221

miR-222

1

.757**

-0.087

.446*

-0.019

.000

.699

.037

.933

1

.048

.493*

.073

.833

.020

.748

1

-.180

-.125

.423

.512

1

.309

Sig. (2-tailed)
miR-146a

miR-214-5p

miR-221

miR-222

Pearson
Correlation

.757**

Sig. (2-tailed)

.000

Pearson
Correlation

-.087

.048

Sig. (2-tailed)

.699

.833

Pearson
Correlation

.446*

.493*

-.180

Sig. (2-tailed)

.037

.020

.423

Pearson
Correlation

-.019

.073

-.125

.309

Sig. (2-tailed)

.933

.748

.512

.162

.162
1

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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6 Discussion
One hundred and seventy million individuals worldwide are affected by chronic hepatitis
C which is a serious multistep health problem as it causes persistent liver inflammation
eventually leading to liver fibrosis, cirrhosis, hepatocellular carcinoma and ultimately death
(Appourchaux et al., 2016). Liver fibrosis is a wound-healing response liver cells undergo
due to prolonged liver injury. Liver injuries cause the cells to die triggering regeneration of
parenchymal cells to replace necrotic or apoptotic cells. If injury persists, regeneration may
fail and hepatocytes are replaced by extracellular matrix (ECM) which is the start of fibrosis.
In early stages of fibrosis via viral hepatitis, fibrotic cells are formed around portal tracts that
grow and cause bridging of collagen bands as stages progress (Roy et al., 2015). Chronic
liver inflammation involves changes in the gene expression in immune cells which led
scientists to prove miRNAs are involved in liver inflammation and hepatic fibrosis (Bandiera
et al., 2016). MiRNAs can be detected and quantified in the blood (plasma and serum), saliva
and urine and are extremely stable under conditions that would usually degrade most RNAs.
For this reason, they have emerged as optimal biomarkers and a lot of research is being done
to use miRNAs as biomarkers for the detection and staging of different diseases. In the liver,
there have been miRNAs associated with HCV induced liver inflammation, cirrhosis and
HCC (Bandiera et al., 2016). HCV is one of the main causes of liver injury leading to liver
fibrosis (Zhu et al., 2015). However, there is not a lot of information present about miRNAs
with different expressions in the intermediate stages of fibrosis (Appourchaux et al., 2016).
Therefore, in this study, miRNAs were used to provide expression patterns that correlated
with the different stages of fibrosis to distinguish between patients with advanced
fibrosis/cirrhosis (F3-F4) and those with mild to moderate fibrosis (F1-F2). This information
is necessary as it will then help in assessing the prognosis and treatment plan for each patient
individually.
Results in this study showed that miRNA-16 was upregulated in early and late stage
fibrosis and showed a highly significant increase (p<0.001) in both patient groups compared
to the normal (control) group. This was also confirmed by Zhu et al. (2015) in which they
also confirmed the upregulation of miRNA-16 in patients with chronic HCV infection.
They specifically investigated the role of miRNA-16 and found that it downregulated both
HGF and Smad7 expression. In previous studies, it has been shown that HGF mRNA
expression is upregulated in the livers of different animals with various types of liver
injuries (Zarnegar et al., 1991). HGF inhibits liver fibrosis by inhibiting the expression of
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TGF-. TGF- is a pro-fibrogenic cytokine that transmits intracellular signaling via Smad
proteins (Zhu et al., 2015). There are seven Smad proteins and specifically Smad7 is an
inhibitor that represses Smad2 and Smad3 phosphorylation and subsequent downstream
signaling events (Dooley et al., 2003; Zhu et al., 2015).

Inhibiting the TGF- signal

transduction by overexpressing Smad7 reduces the amount of fibrosis in vivo (Dooley et
al., 2003). Therefore, HCV-induced liver fibrosis may happen through repression of the
HGF and TGF-/Smad7 signaling pathways (Zhu et al., 2015). Cermelli et al. (2011)
performed a study that showed that serum levels of miRNA-16 were 3.0-fold and 6.3-fold
higher, respectively, in two study groups of patients with chronic HCV infection, compared
to healthy controls. They also showed that miRNA-16 was more sensitive than alanine
aminotransferase (ALT) in detecting the early stages of HCV.
It has been shown that miRNA-146a is acutely involved in not only the progression, but
the replication and amplification of the HCV virus in infected patients, and its potential as a
novel noninvasive biomarker for the progression of HCV-associated hepatic fibrosis and
HCC is great. The results of this study indicated that miRNA-146a was upregulated with a
highly significant increase in early and late fibrosis stages than with the normal, control
group. Joshi et al. (2013) studied patients with both slow HCV fibrosis progression (Ishak
stage <F2) and fast HCV fibrosis progression (Ishak stage ≥F2), and found that microRNAs
were a promising source of potential resolution for this problem. Increased miRNA-146a
expression was seen intragraft in slow progressors versus fast progressors, and key fibrogenic
mediators were down-regulated in response to the upregulation of miRNA-146a. It was
shown that miRNA-146a plays an important role in the pathogenesis of HCV recurrence after
liver transplant (Joshi et al., 2013).
The upregulation of miRNA-146a observed in this study agreed with Bandiera et al.
(2016) results, where they indicated that miRNA-146a was upregulated in liver tissue from
HCV infected patients. They used microarray and computational analysis to show that miR146a over expression regulates pathways that cause liver disease and HCC development.
Specifically, they showed that miR-146a effects late steps of the viral replication cycle
causing HCV infection to escalate. This research done by Bandiera et al. (2016) suggests that
miRNA-146a-5p is a promising biomarker for virus-induced liver fibrosis and HCC.
MiRNAs control expression of more than one target mRNAs and thus regulate
expression of hundreds of genes, making them complicated in defining their precise role in
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biological processes and progression of human diseases (Felekkis et al., 2010). A defined
mechanism of the differential regulation of miR-214-5p is still being studied. Several studies
show that miRNA-214-5p is upregulated in in liver injuries (Chen et al., 2011; Maubach et
al., 2011; Okada et al., 2015), while other studies show contradicting results with miRNA214-5p being downregulated (Chen et al., 2014). MiRNA-214 expression has been shown to
be upregulated in other carcinogenic injuries in the body including in the ovaries, stomach,
pancreas, cervix, lung, and mouth (Yang et al., 2008; Ueda et al., 2009). Upregulation of
miRNA-214-5p was also noticed to be linked to decreased liver function induced by alcohol
and glutathione metabolism (Okada et al., 2015). In 2012, Iizuka et al. showed that miRNA214-5p was upregulated in both human and mouse livers in a fibrosis progression-dependent
manner. During the culture-dependent activation of mouse primary stellate cells, miRNA214-5p expression markedly increased, and was shown to be significantly higher in stellate
cells than in hepatocytes (Iizuka et al., 2012). In 2015, Okada et al. confirmed that miRNA214 directly affects the development of hepatic fibrosis by modulating both TGF-β signaling
pathways and the epidermal growth factor receptors. They reported results of upregulation of
miRNA-214-5p in liver fibrosis and inhibition of miRNA-214-5p ameliorated hepatic fibrosis
in mice (in vivo) and reduced the occurrence of hepatic tumors.
Unlike Iizuka et al. (2012) and Okada et al. (2015), Chen et al. (2014) showed that
miRNA-214 in LX-2 cells is transferred via exosomes to recipient LX-2 cells or human
HepG2 hepatocytes. Furthermore, this connective tissue growth factor (CCN2) is another
factor critical in driving the fibrogenesis of HSCs, and it has been associated with a reciprocal
downregulation of miRNA-214 (Chen et al., 2014).
The results from this study showed a minor downregulation in both early and late staged
fibrosis compared to the control. However, the data was considered to have no significant
value throughout any stage of fibrosis. This contradicts all published studies (regardless if it
is up/down-regulated) which concluded miRNA-214-5p is one of the most promising novel
noninvasive biomarkers for the detection of hepatic fibrosis progression in patients with
HCV. The poor outcome of miRNA-214-5p in this study could have been due to the fact that
it was performed on genotype 4 patients. MiRNA-214-5p has not been studied on this
genotype before.
Quite a bit of research has been done on miRNA-221 and HCV, and it is one of the most
promising avenues for potential biomarkers, therapies, and more effective treatments for
HCV. In correlation to other studies, miRNA-221 was upregulated and showed highly
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significant increase in early and late stage fibrosis compared to the control group as well as a
highly significant increase between the late and early stage fibrosis groups (p < 0.001). The
upregulation of miRNA-221 promotes cell cycle progression, angiogenesis, and invasion;
miRNA-221 has been shown to be an anti-apoptotic RNA, and its silencing can lead to
increased cell death (Gupta et al., 2014). El-Garem et al. (2014) showed miRNA-221 was
upregulated in fibrosis patients than normal patients with a significant fold increase (<0.01)
in CH and cirrhosis groups compared to the control. In this study, miRNA-221 had high
sensitivity and specificity values of 100% and 88.24% respectively in late stage fibrosis. It is
safe to deduce that the progression of liver fibrosis is associated with an increase in miRNA221 expression level, thus providing great potential for it being used as a biomarker to detect
HCV-induced liver fibrosis.
MiRNA-222 was also very highly significantly upregulated (p < 0.001) in early and late
stage fibrosis groups compared to the control group. According to the ROC curve analysis,
miRNA-222 had the highest sensitivity and specificity values in both early and late staged
fibrosis groups with values of (69.23%; 83.83%) and (100%; 96.77%) respectively. Both,
miRNA-222 and miRNA-221, could therefore be used to detect progression of liver fibrosis
in later stage of fibrosis (F3-F4) due to their high sensitivity and specificity value, with
miRNA-222 also being a reliable candidate to detect fibrosis even earlier. Ogawa et al.
(2012), also showed that miR-221 and miR-222 were upregulated in the human liver that
had been affected with fibrosis and continued to increase as fibrosis progression increased.
Lastly, Pearson correlation was used measure the association between miRNAs. Pearson
correlation is denoted by the coefficient (r) with range values between +1 and -1 (indicating a
positive or negative correlation respectively) (Glen, 2017). MiRNA-146a showed a
significant positive correlation with miRNA-16 at the 0.01 level in the late stage fibrosis
group. This means that if miRNA-146a is upregulated, miRNA-16 will also be upregulated
and vice versa. Therefore, only one miRNA (either miR-146a or miR-16) needs to be tested,
which is beneficial diagnostically. A positive correlation was also discovered between
miRNA-221 and miRNA-16 and between miRNA-221 and miRNA-146a in both the early
and late staged fibrosis groups. However, in the early stage group both correlations had
significant values at the 0.01 level, while in the late stage group both correlations had
significant values at the 0.05 level. The results of this correlation allow the assumption that if
an increase in miRNA-221 was detected at any stage of fibrosis, miRNA-16 and miRNA146a would also increase. Also, it can be deduced that although miRNA-16 and miRNA-146a

57

on their own didn’t have high sensitivity or specificity values and miRNA-221 had high
sensitivity and specificity values at the late stage fibrosis, this strong correlation (miRNA-221
and miRNA-16; miRNA-221 and miRNA-146a) detects early stages of fibrosis. Results, such
as this strong correlation, will allow researchers to develop diagnostic assays to detect
fibrosis as early as possible as no one miRNA could be used to detect progression of fibrosis
alone.
MiRNAs have shown great promise as biomarkers for hepatic fibrosis, HCV, and even
HCC, and are specific enough to provide greater diagnostic detail than currently available
from biological tests. Because most miRNAs are also stable or relatively stable in serum, they
can be analyzed through simple blood tests, and these noninvasive tests can be sequentially
repeated on patients throughout their courses of treatment. MiRNAs are becoming more
biologically significant (especially in liver diseases) and are being used for both diagnostics
purposes as well as for therapeutic purposes. Studying and understanding the role of miRNA
in cellular functions of the liver and its development of fibrosis is crucial in order to use and
benefit from them in the best possible way. MiRNAs can be up-regulated or down-regulated
in liver damage and this change in quantity along with its quality can be utilized in assessing
how far the damage has gone. Developing a repeatable, accurate, noninvasive test for liver
fibrosis using miRNA expressions would aid in early detection, precise analysis, and better
treatment methods. Furthermore, such a test could be administered repeatedly throughout the
treatment, giving clinicians a better understanding of the advancement of liver disease, and
patients better prognoses.
The expectancy of using miRNA in therapy is very likely to occur and soon
hepatologists will be using them in their therapeutic regimen. Some miRNAs, such as
miRNA-221, have even shown promise in the treatment of HCV, potentially alleviating the
strain on healthcare systems currently posed by the disease, particularly in developing
countries where IFN is not readily accessible or pragmatically affordable. There is definitely
still more work to be done on these promising miRNAs that shall surely result in the
development of protocols that can accurately determine the progression of liver fibrosis in
HCV patients, without the need for biopsy. Such methodologies will improve the prognoses
of millions of patients, and perhaps even unravel the mechanisms by which we might find a
cure for HCV.
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7 Conclusion
HCV poses a great health problem to the world today, one which will only grow as the
disease progresses in infected patients over the next years and decades. Chronic HCV
infection causes liver fibrosis, which causes hepatic cirrhosis, HCC, and often, death. Liver
biopsy, currently the standard methodology for the detection and assessment of hepatic
fibrosis, is subjective, invasive, and with significant potential complications. Nor can liver
biopsies be performed repeatedly to follow-up on HCV patients, limiting their diagnostic and
prognostic potentials. Furthermore, liver biopsies are not easily performed in developing
countries, or even developed ones, as they require modern hospital facilities and highly
trained specialists to perform. There exists a clear need to develop alternative, noninvasive
detection techniques to identify and assess the progression of liver fibrosis in patients with
HCV.
This study aimed at testing five specific miRNAs to aid in the diagnosis and prognosis of
HCV (genotype4)- induced liver fibrosis. The results indicated that miRNA-16, miRNA146a, miRNA-221, and miRNA-222 can be used to detect the presence of liver fibrosis as
serum levels were all significantly upregulated in both early and late stage fibrosis than the
control (p<0.001), proving to have important prognostic values. MiRNA-222 and miRNA221 were shown to have the highest sensitivity and specificity values in late stage fibrosis
indicating promising potential biomarkers for HCV-induced liver fibrosis. MiRNA-222 had
sensitivity and specificity values of 100% and 96.77% (respectively) in late stage fibrosis,
while miRNA-221 had sensitivity and specificity values of 100% and 88.24% (respectively).
Additionally, miRNA-221 showed significant positive correlations with both miRNA-16 and
miRNA-146a in the early and late stage fibrosis, with the early stage having a stronger
correlation (at the 0.01 level). These correlations have high significant values for future uses
in formulating liver fibrosis diagnostic assays.
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8 Future Prospective
HCV is a global health concern affecting hundreds of millions of people worldwide
(Sheiko & Rosen, 2016). Because HCV typically takes years, if not decades, to progress, the
burden it places on healthcare systems will only increase in coming years (Lavanchy, 2011).
Current methodologies for identifying hepatic fibrosis are insufficient, and often result in late
diagnoses because acute symptoms do not present at the onset of infection. Furthermore, the
standard scoring systems for hepatic fibrosis depend on invasive liver biopsies for samples
and subjective sample interpretation by the attending physicians. Serum analyses, imaging
tests, and genetic markers have all been explored as alternative potential avenues for the
identification and analyses of hepatic fibrosis progression.
In recent years, more attention has been paid to microRNAs as a source of potential
diagnostic information for hepatic fibrosis, HCV, and HCC. Since some miRNAs are known
to be deregulated in cases of liver fibrosis and HCC, they are therefore promising candidates
for biomarkers of liver disease associated with chronic HCV infection (Motawi, 2016).
MiRNA-16, -146a, 214-5p, 221and 222 were studied as potential biomarkers for the
progression of liver disease. Some miRNAs, such as miRNA-221, have even shown promise
in the treatment of HCV. Researchers around the world are working to develop a reliable
serum miRNA assay for the detection and monitoring of hepatic fibrosis. Developing a
repeatable, accurate, noninvasive test for liver fibrosis using miRNA expressions would aid
in early detection, precise analysis, and better treatment methods. Furthermore, such a test
could be administered repeatedly throughout the treatment, giving clinicians a better
understanding of the advancement of liver disease, and patient’s better prognoses.
Unfortunately, there are several challenges to the development of a serum assay test for
the liver deterioration of chronic HCV patients. The first difficulty for researchers was
identifying which miRNAs are involved in these situations. There are thousands of miRNAs,
and only some are involved in the progression of hepatic architecture distortion and/or the
progression and proliferation of the Hepatitis C virus. Some of the dynamics of miRNA
release in the early stages of acute HCV infection still remain unclear (El-Diwany, 2015).
However, progress has been made, and thanks to the work that has already been done, a range
of promising miRNA candidates have been identified for use in diagnostic assays, such as
those studied here. The next challenge has been to discern which miRNAs are the most useful
and relevant to diagnostic tests. Of the miRNAs directly involved in HCV and associated
hepatic distortions, not all of these miRNAs are up- or downregulated distinctly enough in
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cases of HCV and hepatic fibrosis to provide quality data on the progression of the conditions
(Motawi et al., 2016). Thirdly, the variance within the Hepatitis C virus itself presents serious
challenges for researchers. There are seven different genotypes of HCV, and are all distinct
enough to progress differently and respond differently to treatments. Differences in expressed
levels of the same miRNA have been observed between different HCV genotypes, meaning
that any diagnostic assays developed must be specialized for each genotype (Chang et al.,
2014). This can be seen in a great deal of previous research that has been completed on the
subject, wherein researchers often choose a particular genotype of HCV to study when
attempting to identify feasible miRNA assays (El-Abd et al., 2015; El-Diwany et al., 2015;
Motawi et al., 2016; Elemeery et al., 2017). More research must be done to identify specific
assays that can correctly identify the progression of hepatic fibrosis in each of the seven
genotypes of HCV. The high number of miRNAs and seven HCV genotypes means that the
potential combinations are extremely numerous, however, the work already done on miRNAs
has begun to narrow down viable options.
With the development of a safe, effective, repeatable, non-invasive diagnostic test for the
progression of hepatic fibrosis, the management of the HCV epidemic may be possible. One
of the greatest challenges posed by chronic HCV infection is the long progression of the
disease, and monitoring patient progress is difficult in developing areas where liver biopsies
are not readily available. The development of a diagnostic assay, or unique diagnostic assays
for each genotype, would help doctors and patients alike.
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